reported the utilization of small amounts of glucose by Escherichia coli for the maintenance of viability without concurrent growth. A reproducible intercept was evident in a plot of turbidity increment against the amount of glucose supplied in the medium. This finding provided evidence for an "energy of maintenance" not previously detected in microorganisms, and raised the question of whether a similar phenomenon might occur for other nutrients. The growth and survival of E. coli in phosphate-limiting medium was accordingly studied by Mallette, Cowan, and Campbell (12), who were unable to detect a threshold requirement for phosphate analogous to the "energy of maintenance" requirement found for glucose.
McGrew and Mallette (11) reported the utilization of small amounts of glucose by Escherichia coli for the maintenance of viability without concurrent growth. A reproducible intercept was evident in a plot of turbidity increment against the amount of glucose supplied in the medium. This finding provided evidence for an "energy of maintenance" not previously detected in microorganisms, and raised the question of whether a similar phenomenon might occur for other nutrients. The growth and survival of E. coli in phosphate-limiting medium was accordingly studied by Mallette, Cowan, and Campbell (12) , who were unable to detect a threshold requirement for phosphate analogous to the "energy of maintenance" requirement found for glucose.
In the work presented here, the approach of Mallette et al. (12) was applied to a similar study of Pseudomonas aeruginosa under conditions of phosphate limitation. This study was extended to include an investigation of changes in the chemical composition and ribosome patterns of the cells after phosphate starvation and after addition of phosphate. The starved cells were also assayed for the presence of a phosphate-repressible phosphomonoesterase, analogous to that reported in other microorganisms and studied in detail in E. coli (3, 6, 15 (9) . A 1-ml amount of 1.4 N cold perchloric acid (PCA) was added to 1 ml of cell suspension; the material was mixed, held in ice for 20 min, and centrifuged at 7,500 X g at 6 C. The supernatant fluid (cold PCA-soluble fraction) was removed; the pellet was suspended in 2 ml of 0.7 N PCA, heated at 90 C for 15 min, cooled, and centrifuged. The supernatant fluid (hot PCA-soluble fraction) was removed, and the pellet (protein residue) was dissolved in 0.1 N NaOH.
Protein was determined by the method of Lowry et al. (10) ; deoxyribonucleic acid (DNA), by the Schneider (14) technique; ribonucleic acid (RNA), by a modification of the method of Schneider (14) which involved heating for 45 min in a boiling-water bath for maximal color development; and Pi, by the method of Chen, Toribara, and Warner (2) . RNA values were corrected for interference from DNA.
Preparation of cell-free extracts and ribosome patterns. Concentrated cell suspensions [ca. 10 to 12 mg of protein, 17 to 20 mg (dry weight) per ml] of cells were prepared by washing cells twice in 0.85% NaCl (pH 7.4) and by resuspending them in either 0.05 M Tris-HCl buffer (pH 7.4), containing 10-2 M MgCl2 for ribosomal studies, or 0.1 M Tris-HCl buffer (pH 7.4) for enzymatic studies. Deoxyribonuclease [0.05 ml (1 mg/ml)] was added to the suspensions, and cell-free extracts were prepared with a French pressure cell. Whole cells were removed from the extracts by centrifugation at 5,000 X g for 10 min at 6 C. Ribosome patterns were obtained by the procedure of Gronlund and Campbell (5) .
Determination of alkaline phosphatase activity. The assay used was based on the procedure described by Torriani (15) . Reaction mixtures contained the following: 0.5 ml of Tris-HCl buffer (1.0 M, pH 8.0), 0.1 ml of p-nitrophenyl phosphate (2 mg/ml), 0.2 ml of cell-free extract for nonstarved cells or 10 to 25 J,liter for starved cells, and water to 1.0 ml. Components exclusive of substrate were brought to 35 C in a 1-ml cuvette and placed in the warmed chamber of the Beckman model DU spectrophotometer. The reaction was started by the addition of warmed substrate, and the increase in OD was measured at 400 mIA.
RESULTS AND DISCUSSION
OD of Pi-starved cultures. In the preliminary experiments, the course of starvation in Pideficient medium was followed by observing changes in OD and in numbers of viable cells of suspensions shaken for 30 hr (Fig. 1) . The viablecell count rose sharply at first, but with a decreasing rate over the entire period, and reached a plateau at approximately 24 hr. An eightfold increase in viable-cell numbers was observed. Measured over the same period, OD at 400 m,u rose in a linear fashion, also tapered off somewhat between 24 and 30 hr, and reached, at this point, a value more than double the initial level. In a longer experiment, the time required to attain a maximal viable-cell count was confirmed to be approximately 24 hr. The fact that glucose was not limiting in these experiments was indicated by the failure of glucose when added (at 24 hr) at the metabolic by-products which had accumulated during -phosphate starvation, samples of the starved cells were also harvested by centrifugation and suspended to the same volume in fresh Pideficient medium before use in the response experiments (Fig. 3) .
The response obtained was linear at low levels of phosphate with both starved and nonstarved cells. At higher levels of phosphate, however, the response of the starved cells was significantly less than that of the nonstarved cells. Starved cells suspended in fresh phosphate-deficient medium responded to Pi addition in the same manner as the starved cells not suspended in fresh medium; this confirmed that the OD responses observed were controlled solely by added Pi.
The failure of starved cells to respond to Pi addition as fully as nonstarved cells was observed also by Mallette et al. (12) in studies on E. coli and was indicated as not resulting from a loss of viability during the period of incubation with exogenous phosphate. These authors suggested that the inability of the starved cells to divide in the glucose-salts medium may have resulted from the loss of one or more components which were necessary for cell division and which were resupplied in the complex plating medium used.
Although, at the higher levels of phosphate, P. aeruginosa tended to form clumps and pellicles, which gave rise to difficulties in obtaining highly (8), who observed a similar synthesis of protein and DNA and degradation of RNA during phosphate starvation of E. coli, and who also implied that a large portion of the phosphate released from RNA was utilized for the synthesis of DNA.
The addition of phosphate to the cells after 24 hr of starvation resulted in increases in OD, viable-cell count, and dry weight, and in the concentrations of protein, DNA, and RNA per milliliter of culture when measured 6 hr later ( Table 2 ). The percentage increase in RNA over the 24-hr level was particularly high, which suggests a preferential resynthesis of the compound degraded during phosphate starvation. The ratio of RNA to DNA increased from the 24-hr value of 1.87 to 3.57.
Ribosome patterns. Patterns of cell-free extracts of nonstarved, starved, and Pi "refed" cells obtained on ultracentrifugation through sucrose fact, a substantial increase in ribosomal material. These data support the results of the chemical analyses, which showed a disproportionate increase in the RNA content of Pi "refed" cultures.
The increase in ribosomal material over the 0-hr value may reflect the fact that the growing "refed" cells were physiologically younger than those used as the inoculum at 0 hr, since a high RNA content is known to be characteristic of log-phase cells (7) .
Alkaline phosphatase activity. The presence of an alkaline phosphomonoesterase was detected in cell-free extracts, and preliminary experiments demonstrated that the specific activity of the enzyme increased several hundred fold during a 24-hr period of Pi starvation of cultures of the organism (Table 3) . A study of some of the characteristics of the enzyme has subsequently been undertaken and will be described in a later report.
The data presented here support the previous evidence of Campbell, Gronlund, and Duncan (1) and of Gronlund and Campbell (4, 5) for the role of ribosomal material as a primary endogenous reserve in P. aeruginosa. These authors have provided evidence for a decrease in ribosomal RNA and protein, and for the release of ammonia and material absorbing at 260 mju when P. aeruginosa respires endogenously. The presence of constitutive enzymes capable of oxidizing various nucleosides, purines, pyrimidines, and degradation products of these compounds has also been demonstrated (1) , and polynucleotide phosphorylase has been shown to be the degradative enzyme associated with the ribosomes (4, 5) . Ribosomal 
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